O N VACUOLATION OF THE NERVE CELL.
381 change. My endeavours in this direction have not been fruitless, for it has been determined in each case in which vacuolation has been present that the original disease has been one of those which, it is now generally recognised, prove fatal mainly by toxemia. I n all those conditions mentioned in the literature in which vacuolation has been found, the presence of a virus circulating in the blood, either of organic or inorganic nature, or a toxin of microbic origin cannot be excluded, I venture, therefore, to assume that uacuolation of the newe cells of the cortex cewbri is in all cases induced by such a tozcemic condition.
Before proceeding to detail the arguments and evidence in favour of such a thesis, I will briefly recapitulate the more important points in the anatomical features of vacuolation.
SURVEY OF ANATOMICAL APPEARANCES.
It is found that the vacuoles may form either (1) in the nucleus, or (2) in the surrounding granular protoplasm of the cell body, or in both together. Vacuolation of the nucleus alone is more frequently observed in the superficial layers of the cortex, particularly the second layer, and the outermost cells of the third or small pyramidal layer, while vacuolation of the surrounding protoplasm is more common in the more deeply situated and larger cells.
1. Yacuolatim of the nuclet~s.-Considering then, in the first place, the change as it occurs in the nucleus, the initial visible alteration is a slight uniform swelling of the whole of the nucleus, which is accompanied by an alteration in its normal reaction to the staining material ; this is indicated by parts of the nuclear body appearing much fainter than others, and a t the same time to a great extent becoming dispossessed of their characteristic coarse reticular granulation. Subsequent to these alterations one or more minute, circular, clearly refractive, oily droplets form, either in the nucleolus or in the other altered portion of the nucleus; such droplets multiply, enlarge, and may coalesce, until finally the whole nucleus is converted into one large cavity filled with lustrous, oily material. At a later stage the nuclear envelope bursts, allowing the contents to escape, and a well-defined non-lustrous vacuole is left. Frequently, however, the individual fatty collections burst without coalescing, and in that case the nucleus may come to be represented by froin two to ten or more such circular vacuoles, separated from one another by delicate sepiments. Concurrent with this vacuolation of the nucleus, granulation of the surrounding protoplasm almost invariably occurs.
2. Ycccuolntion of the surrounding protoplasm.-Vacuolation of the investing protoplasm is more frequently observed in the more deeply situated and larger cells, namely, the large pyramidal and multipolar cells. The process of formation is similar to that seen in the nucleus.
It commences with an alteration in the normal staining reaction of the protoplasm, and is followed by the appearance of minute oily droplets, which, after enlar,aing By coalescence, burst and lead to the formation of the vacuole. I n the cells in which this protoplasmic vacuolation occurs, the adjoining protoplasm is almost always seen to be in a condition of granular degeneration ; the nucleus is frequently pressed upon and pushed to one side or towards the apex or base of the cell body ; pigmentary degeneration often coexists ; the normal number of cell processes is not uncommonly diminished ; and in the altered outline of the cell one can often distinguish the rent through which the oily material which formerly filled the vacuole has escaped.
A remarkable point concerning both the nuclear and protoplasmic vacuoles is, that they are not tinted, so far as I know, by any of the ordinary staining reagents. How long they maintain their circular or oval shape it is difficult to tell, but that complete disintegration of the cell eventually occurs is certain.
ACCOMPAXYING VASCULAR CHANGES.
No writers in their description of the anatomical appearances of the cortex, in cases in which vacuolation is present, have made any special reference to accompanying vascular changes, and have certainly never associated any vascular change with the vacuolation.
There is now one change, the existence of which I have observed with the greatest constancy and regularity in the cases which I have examined, namely, fatty degeneration of the fusiform muscle nuclei and of the non-striped muscle fibres of the small vessels supplying the cortex and distributed throughout it. This fatty change is, as usual, indicated by the presence within these fibres or nuclei of one or more clear, round, highly-refractive bodies, and is easily demonstrated by the fresh method (Plate XXIV. Fig. 1) . In phthisis and pneumonia, in which two, conditions, as I shall again mention, the existence of cell vacuolatiori may almost invariably be determined, I have singularly constantly discovered this associated vascular change ; I have also observed it in nine out of the ten cases of epilepsy examined, and its presence in phosphorus poisoning and subjects of alcoholism is well known. The degree of the fatty degeneration appears, on the whole, to vary with the extent of the vacuolation process, but in cases of phthisis pulmonalis, in which the vacuolated cells have not been particularly numerous, I have still found the fatty change in the vessels fairly well marked.
I am inclined to look upon the coexistence of such a degenerative alteration of the vessel wall, with vacuolation of the nerve cells, as 8 point of the greatest importance, and one, as I shall presently attempt to prove, which lends strong support to my theory of the pathogeny of vacuolation.
DISEASES IN WHICH VACUOLATION OF THE CORTICAL NERVE CELL
The following are the diseases in which the occurrence of this alteration has been described :-1. I n epilepsy ; and in this disease, according to Bevan Lewis, it is more especially limited to the nuclei of the cells of the second layer.
2. I n diseases produced by the absorption of metallic poisons, such as phosphorus and arsenic.
3. I n chronic alcoholic insanity. I n this affection Bevan Lewis has described the occurrence of vacuolation in the large cells of the fifth layer.
4.
Cases of dementia (Whitwell), and cases of senile cerebral atrophy.
5. I n chronic pulmonary affections.
During the past year I have made a long series of investigations into the condition of the brain in persons dying of pulmonary affections, and may mention that it is mainly these observations which have induced me to formulate the theory touching the causation of vacuolation which is now presented.
The current opinion is that it is only in those pulmonary affections which are chronic that vacuolation occurs, and that in those conditions it is solely and simply due to deficient oxidation. My observations, however, certainly negative or put into the background the importance of chronicity and deficient oxidation pure and simple, and have led me to believe that vacuolation of the nerve cell of the cerebral cortex occurs rather in those lung diseases, such as phthisis pulmonalis and lobar pneumonia. These diseases are dependent upon a micro-organisma1 infectioii and growth for their production, and that in these diseases the toxaemia generated by that microbic growth is the prime pathogenic factor in producing the vacuolation.
For the purpose of determining these points the unhardened brains of 47 patients dying of various forms of pulmonary phthisis, and 13 cases of acute lobar pneumonia have been examined. Taking, in the first place, the cases of phthisis, there was found in 44 out of the 47 brains examined distinct evidence of vacuolation of varying extent. Contrary to what has hitherto been held in the case of chronic lung affections, it was observed in these instances that the vacuolation was by no means confined in its distribution to the more deeply situated and larger cells (the large pyramidal, multipolar, and spindle elements), but that it was as frequently to be observed in the nuclei of the cells of the second layer and the superficial members of the small pyramidal layer ; indeed, in many instances, it was only in these two superficial layers that the change could be detected, and in almost all the cases examined it was possible by diligent searching to demonstrate examples of the change in this situation (Plate XXIV. Fig. 2) .
Secondly, with regard to acute lobar pneumonia : In the brains of 13 OCCURS.
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patients dying of this disease, vacuolation was found 10 times, and in some of these cases in which, be it noted, the lungs were found in a state of grey hepatisation, the change reached extreme limits, numerous vacuolated cells appearing in the field of the microscope in all layers and in sections from any region of the cortex. I n all these cases epilepsy, alcoholic poisoning, and the other already mentioned conditions in which vacuolation bas been described, with the exception of dementia, were certainly excluded ; and it may be remarked, with reference to Whitwell's statement of the occurrence of vacuolation in dementia, and in justice to that writer, that it is impossible for us to tell from his paper whether the dementia was not coniplicated by some other physical disorder which might induce the change. That such a complication existed is not unlikely, as, so far as my experience goes, I have not found that vacuolation is a prominent feature in cases of simple dementia.
6. The other conditions in which I have observed vacuolation with the associated vascular change are all examples of acute infective fevers. They are -typhoid fever (2 cases), dysenteric diarrhea (3 cases), erysipelas (4 cases), pyeniia (2 cases), and septic endocarditis (1 case).
PATHOLOGY.
It will be noted as a most striking fact that in all the conditions which have just been mentioned in which vacuolation of the cortical nerve cell has been found to occur, with the doubtful exception of dementia, epilepsy, and senile cerebral atrophy, there is a toxic agent acting as a fundamental factor in the causation of the disease, a poison either of a nietallic nature, as in the case of arsenic and phosphorus poisoning, or non-metallic, as in the case of alcoholic insanity, or lastly, a toxin generated by the presence within the body of numerous micro-organisms, such as the toxin of the tubercle bacillus in phthisis pulmonalis, the pneumotoxin generated by the Frankel-Weichselbaum diplococcus, and the encapsuled bacillus of Friedlinder in acute lobar pneumonia, and the typhotoxin of the Eberth-Gaffky bacillus in typhoid fever. Even in epilepsy, in which disease vacuolation was first observed by Bevan Lewis to be such an important feature, it is now impossible for us to exclude the presence of a toxBmic agent. The experimental researches which Voison and Peron have recently made in France, and DBbundo 2 in Italy, have led to the identical conclusion, namely, that there is a virus of some nature circulating in the blood of individuals affected with idiopathic epilepsy, a virus sufficiently powerful to destroy bacteria, and to injuriously affect rabbits and guinea-pigs when injected into them.
Marie: going a step further, looks upon idiopathic epilepsy as a disease of infective origin, and both he and Lannois2 place faith in the treatment of the disease by the injection of microbic products, in order to annul the effects of the assumed epileptic toxin, a treatment presumably based on the fact known to Hippocrates, and more recently drawn attention to by Si.glas,S Queriaud? FBrd,5 etc., that the convulsive attacks of epilepsy are frequently ameliorated, or even suspended, by the onset of an attack of an acute infective fever. Even if we disregarded this array of evidence we must still take into account the presence of an undoubted poison in the blood, in the shape of uric acid, which substance Haig,G basing his assertion on careful clinical observat?ons, considers an assured cause of epileptic convulsions. With regard to the second exception, senile cerebral atrophy, is it not just that we should, in old persons, put some weight upon the fact of the presence of certain injurious agents which must necessarily be circulating in the blood, substances produced by the breakdown and decay of the healthy tissues, and sufficient to induce or expedite many of the morbid changes peculiar to senility, or, as Oppenheim 7 shows, to set up in some cases a polyneuritis presenting many of the characters of other forms of toxic multiple neuritis. With reference to the remaining exception, dementia, I have already stated that the literature on the subject, and my own observations, afford no sufficient data for assuming that vacuolation is prone to occur in pure uncomplicated cases.
With so much positive and direct evidence, is one, therefore, not justified in concluding that, in the case of the highly organised cortical nerve cell, so intrinsically dependent upon a pure and untainted supply of blood for its healthy maintenance, such a harassing factor as toxzemia must not only play a most important pathogenic rdle, but actually induces the remarkable vacuolatory change in all these conditions. I am perfectly well aware that in presenting the theory, that in all cases a like agent is at work, I come into direct conflict with Bevan Lewis' view, that in epilepsy the change in the second layer is dependent upon cr an intrinsic morbid factor in the cell itself," and has nothing whatever to do with vitiated blood, etc., but this view is one which, ever since its publication, has puzzled the minds of many neuropathologists, and is extremely difficult for me to accept.
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Bevan Lewis acknowledges in his work, that it is not unusual to find vacuolatory changes in other cell layers in addition to the secoiid ; this is a point of some importance, and one with which I entirely agree, as, after minutely examining the cortex in ten cases of epilepsy, I can definitely state that I have never failed to find some vacuolation in other layers, and in some cases it was just as strongly marked a feature in the deeper layers as in the second; this point is further coiifirmed by Wynne,' but that writer goes further in asserting that the preponderance of the vacuolation is always in the deepest layers.
With this view I cannot acquiesce, as I certainly have seen cases in which the second layer has been very extensively and almost exclusively involved. This singling out of the second layer is undeniably a curious anatomical fact, but it is not peculiar to epilepsy, for in some cases of phthisis and pneumonia I have noticed that no other layer, with the exception of isolated cells here and there, has been affected in addition to this individual second layer, though admissibly the second layer has not been so gravely diseased as in the cases of epilepsy described by Bevan Lewis. Even if it be granted that the vacuolation of the second layer in epilepsy were due to an intrinsic niorbid factor in the cells themselves, how, then, is the vacuolatioii which in many cases occurs in other layers to be accounted for Z The same thesis in the case of the deeper cells is obviously out of the question. Now, in phthisis and pneumonia, diseases in which there is unquestionable evidence of toxins circulating in the blood, it is assuredly more rational to refer the production of the vtcuolation to such an agent than to assume that the vacuolation is due to cc an intrinsic morbid factor in the cell itself," and since in epilepsy, as I have pointed out, there is now positive evidence of the presence within the vascular system of some injurious agent, be it uric acid or an unknown toxin, it is fair to assume that that agent is exercising a similar effect upon the cortical cells in that disease. A fact that greatly favours this inference is, that in almost all the cases of epilepsy and phthisis, and other toxic diseases which I have examined, precisely similar fatty changes are to be observed in the non-striped muscle elements of the small cortical vessels. This is a change exactly analogous, as already mentioned, to that occurring in alcoholism, typhoid fever, and phosphorus poisoning, and since in these diseases there is a wellfounded presumption, to the effect that the fatty change is iduced by the direct virulent effect of the poisonous substance circulating in the blood upon the vessel wall, it is almost certain that a like potent agent is operating in both phthisis and epilepsy in producing the vascular change referred to. Great likelihood is thereby given to the view that in epilepsy, as well as in phthisis pulmonalis, and the many other conditions mentioned, the vacuolation of the nerve cells is also due to the toxzmia. Again, referring to the special liability to vacuolation which the second layer cells seem to possess, I think that they are for two reasoils predisposed to the change, reasons which further negative the likelihood of the existence of " an intrinsic morbid factor in the cell." One is, that though these cells are near the surface, yet their vascular supply is not so free as is that of the pyramidal and more deeplysituated cells, for the branches of the cortical vessels entering from the pia mater are much less numerous, and the capillary network is far less complex in the region of the second layer than in the deeper layers (vide Obersteiner ' ) ; secondly, I venture to state that the large size of the nucleus, in comparison with the total magnitude of the cell in the second layer, is of greater importance in this connection than is generally imagined.
Yet another point which supports the toxaemic theory which is here advanced is, that vacuolation is obviously a fatty change ; it is also in all probability an acute change, for I have seen it in cases of toxic diseases which have proved fatal after some few weeks or even days ; and in these cases, in the absence of any other known cause, must be the vacuolation attributed to that toxic infection. I venture to regard the change as one analogous to, and possibly coincident with, the cloudy swelling and subsequent fatty degeneration of cells of other organs, such as the liver and kidneys, which occur in the toxic diseases to which I have referred. The swelling of the nucleus, and the alteration in the normal susceptibility to dyes, and such like initial changes, seem to correspond to the cloudy swelling stage of cells of other organs.
I have observed such alterations in the cortical cells in cases of septicsmia, and in these cases I am inclined to think that the attack has been so virulent and rapidly fatal that vacuolation has not had time to occur. There remains to be added but one remark bearing upon the question under consideration-it refers to the occurrence of phthisis pzdnzonalis in the epileptic subject. It is well known that in epileptics under asylum treatment these two affections are particularly commonly associated, and my investigations have led me to believe that much of the vacuolation seen in the brains of epileptics suffering from phthisis must be due to that phthisis. I have seen an extreme degree of vacuolation in the cells of the second layer in young individuals, who have suffered from epilepsy with frequently recurring convulsions, and who have died of acute phthisis ; while, on the other hand, those subjects of epilepsy, whose attacks have been infrequent, who have been free from tubercular taint, and in whoin one has reason to suppose there has been less virus circulating in the system, have exhibited a less degree, in some cases almost no vacuolation, and the change has been evenly scattered in the various cell layers.
CONCLUDING SUMMARY.
The following is the conclusion to which I have been led in the study of this change :-That vacuolation of the nerve cell of the cerebral cortex is probably in all cases dependent upon a toxic poison of some nature circulating in the blood.
The probabilities in favour of this conclusion are so cogent as almost to amount to demonstration, and the following are the steps which I have taken to prove my view:-1. I have shown that in all the coiiditions in which vacuolation has hitherto been described as occurring, there is such a poison a t the root of the disease. Epilepsy (idiopathic) cannot be excluded from this class.
2. I have demonstrated the existence of vacuolation in phthisis yulrnonalis and acute lobar pneumonia, and in cases of certain acute infective fevers, these being all instances of toxEmic diseases.
3. I have proved that vacuolation of the cortical cell is almost invariably associated with acute vascular degeneration.
I have pointed out that vacuolation of the nerve cell is probably
an acute fatty change, analogous to that occurring in the cells of other organs, in the case of individuals dying of toxzemic diseases.
Note.-Though all the subjects investigated, with the exceptioii of one case, that of a man who succumbed to typhoid fever, have been patients suffering from some forni of insanity, it is obvious that I do not hold that vacuolation does not occur in the brains of individuals who are not aftlicted mentally. On the contrary, I feel convinced that if the brains of perfectly sane individuals, who have succumbed to such toxEmic affections as have been mentioned, were examined after the method indicated such alterations would be demonstrable.
Hereto is appended a synopsis of the niicroscopical examination, etc., of the cases of phthisis, pneumonia, and infective conditions, upon which these observations are based.
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of acute phthisis.
